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by synthesis, was developed in the mid 1990s as a fun-
damentally different approach to DNA sequencing
(18). Sequencing by synthesis occurs by a DNA poly-
merase–driven generation of inorganic pyrophos-
phate, with the formation of ATP and ATP-dependent
conversion of luciferin to oxyluciferin (Fig. 1). The
generation of oxyluciferin causes the emission of light
pulses, and the amplitude of each signal is directly re-
lated to the presence of one or more nucleosides. One
important limitation of pyrosequencing is its relative
inability to sequence longer stretches of DNA (se-
quences rarely exceed 100–200 bases with first- and
second-generation pyrosequencing chemistries). For
the purposes of this review, pyrosequencing refers to the
core chemistry, core technology, and low-throughput
sequencing platforms (e.g., the Biotage PSQ96 System)
currently implemented in clinical laboratories. The term
454 sequencing refers to high-throughput sequencing
platforms (e.g., Roche/454Life Sciences) formetagenom-
ics that are based on pyrosequencing chemistry.
DNA pyrosequencing has been successfully ap-
plied in a variety of applications, including genotyping,
single-nucleotide polymorphism detection, and mi-
croorganism identification (19). Pyrosequencing has
been used to detect pointmutations in antimicrobial or
antiviral resistance genes to explore the presence of
drug-resistant microbes (20–22). The relatively short
read lengths of DNA pyrosequencing have placed a
premium on careful target selection and oligonucleo-
tide primer placement. Pyrosequencing has been suc-
cessfully applied to microbial identification by com-
bining informative target selection (e.g., hypervariable
regions within the 16S rRNA gene) and signature-
sequencematching (23, 24). Despite the fact that DNA
pyrosequencing yields relatively short read lengths and
limited amounts of sequence data per pathogen or mi-
crobe, this strategy has been useful for microbial iden-
tification in different settings. As one example, careful
selection of highly informative hypervariable regions
within the 16S rRNA genes facilitated the implementa-
tion of routine pyrosequencing strategies for pathogen
identification in a hospital setting (17).
Because of the relatively short read lengths, DNA-
pyrosequencing applications for microbial identifica-
tion have focused attention on hypervariable regions
within small ribosomal-subunit RNA genes, especially
16S rRNA genes. Specific hypervariable regions have
preferentially been used to identify different classes of
bacteria via pyrosequencing (24, 25). Once DNA se-
quence data are generated, sequencesmust be analyzed
with special considerations in mind to facilitate accu-
rate bacterial identification. First, different taxonomic
Fig. 1. Pyrosequencing chemistry: biochemical reactions and enzymes involved in the generation of light signals by
DNA pyrosequencing [Marsh (18 )].
Each peak in the pyrograms represents a pulse of light detected in the instrument. dNTP, deoxynucleoside triphosphate; dNDP,
deoxynucleoside diphosphate; dNMP, deoxynucleoside monophosphate; PPi, pyrophosphate; APS, adenosine 5!-
phosphosulfate. Adapted from and reprinted with permission from http://www.pyrosequencing.com/DynPage.aspx?id"
7454&mn1"1366&mn2"1367.
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